Introduction
Hypoplasia of the thumb can present as an isolated deformity or as part of a systemic process such as thrombocytopeniaabsent-radius syndrome, Holt-Oram syndrome, Fanconi's anemia, and VACTERL syndrome (vertebral abnormality, anal atresia, cardiac abnormality, tracheoesophageal fistula, esophageal atresia, renal abnormality, lower extremity abnormalities). If the hypoplastic thumb is not functional, pollicization of the index finger is the treatment of choice for Blauth type IIIB, IV (floating thumb), and obviously if the thumb is absent (type V). Successful pollicization of the index finger requires meticulous surgical technique, but good long-term results have been reported as high as 81% [23] . Functional limitations have been reported by many studies [1, 2, 5-7, 10-12, 16, 21, 22] , but other reports of complications, including failures, are scarce. Reported complications include iatrogenic neurovascular injury, web space contracture, malrotation, functional deficits (decreased pinch and grip strength, lack of opposition), and stiffness [4] .
To our knowledge, there is limited literature concerning treatment for a failed pollicization. This could be due to reluctance of surgeons to report their complications and/or small patient numbers. This case report describes a child with left radial longitudinal deficiency and complete thumb aplasia that underwent pollicization of the index finger by another hand surgeon. Unfortunately, the pollicization failed either due to resorption of the proximal phalanx of the index finger (metacarpal of the new thumb) due to infection or ischemia or due to the surgeon inadvertently resecting the proximal phalanx of the index finger, mistaking it for the metacarpal. This resulted in a pollicized index finger that was too short and consequently had limited opposition and tip-to-tip pinch. The objective of this case report is to make the hand surgeons aware of this previously unreported complication of pollicization and describe a method of reconstruction to provide a functional thumb. Informed consent and permission for publication was given by the child and parents.
Case Report
A 10-year-old right-handed boy was born with a left radial club hand and complete absence of the thumb as well as a proximal radio-ulnar synostosis. He underwent pollicization of the left index finger at 16 months of age at an outside institution. He then presented to the senior author 8.5 years later because both the parents and the patient felt that the pollicized digit was too short, so that he was unable to grasp or pinch with this thumb. Initial radiographs prior to the pollicization procedure as well as the original operative report were requested but were unable to be obtained.
Examination revealed full flexion and extension of the left elbow but no supination or pronation of the forearm. The wrist was held in slight radial deviation, but he had full flexion and extension of the wrist. The middle, ring, and small fingers were all normal in size with normal flexion and extension. The pollicized index finger was extremely short, only reaching to the level of the metacarpophalangeal joint of the middle finger ( Fig. 1a ), but he had satisfactory flexion and extension at the interphalangeal joint. The shortness of the thumb prevented any tip pinch between the thumb and the other three fingers. The thumb-middle finger web space was contracted, and there was no active abduction of the pollicized index finger, which prevented any grasp function.
Initial radiographs showed a very short pollicized index finger with resorption of the diaphysis of the proximal phalanx of the transposed index finger (Fig. 1b ). The distance between the basal joint and the metacarpophalangeal joint measured 27.1 mm in the transposed index finger, compared with 46.4 mm in the contralateral thumb metacarpal. There was a bony gap between the two remnants of the metacarpal (index finger proximal phalanx) which measured 1.1 mm. It was difficult to determine whether the index metacarpal head had been transposed in the pollicization procedure.
Surgical options including amputation of the pollicized digit and microsurgical second toe or great toe transfer and distraction lengthening of the "metacarpal" remnant were thoroughly discussed with the patient and his family. The patient elected to undergo distraction lengthening of the proximal phalanx of the pollicized index finger followed by a second stage interpositional iliac crest bone graft for any bony gap that did not fill in by callostasis. As the patient already had excellent flexion and extension at the interphalangeal joint, it was felt that reconstructing a longer thumb would provide the patient with improved pinch and grasp.
Under general anesthesia, two threaded pins were drilled into both the proximal and distal remnants of the proximal phalanx and connected to a Hoffman II Micro External Fixation System (Stryker, Kalamazoo, MI; Fig. 2a ). Postoperatively, the parents were taught to distract the device 0.25 mm four times per day for a total of 1.0 mm/day. Serial radiographs documented progressive lengthening of the pollicized digit. By 2 months postoperatively, radiographs showed comparable length of the pollicization to the contralateral thumb (Fig. 2b) . The distance between the basal and the metacarpophalangeal joints measured 45.4 mm in the distracted left thumb and 44.7 mm on the right. However, the left thumb itself continued to be shorter than the right thumb (78.8 versus 97.1 mm, respectively) due to the different lengths of the proximal and distal phalanges of the pollicized index finger. There was no consolidation of the bone gap, which measured 28.3 mm.
The patient then underwent second-stage bone grafting with tricortical iliac crest bone graft (Fig. 3) . The bone graft was fixated with two 0.45-mm Kirschner wires pinned to the middle finger metacarpal, and the external fixator was left in place in order to provide slight compression of the bone graft. Serial radiographs subsequently demonstrated progressive consolidation of the bone graft, and 4 months postoperatively, the external fixator was removed.
There were no postoperative complications. One year postoperatively, the patient is able to oppose the thumb to the tips of the middle, ring, and small fingers, and flexion and extension at the interphalangeal joint remain satisfactory ( Fig. 4 ). Both the patient and his parents rated the end result as subjectively excellent and reported that they would undergo this procedure again if given the choice. The patient is now able to both play video games and grasp large objects with his left hand as an "assist" hand in conjunction with his contralateral normal hand. According to his parents, he now uses the new "distraction pollicization" digit for tip-to-tip pinch to the middle and ring fingers instead of using his other fingers for side-to-side pinch. Web space deepening and a sublimis opposition tendon transfer are planned for the future.
Discussion
Pollicization remains a technically demanding procedure. In the past, results were so poor that Brooks stated, "at best, pollicization gives a hand that is cosmetically distasteful and functionally disappointing" [23] . In 1971, Buck-Gramcko refined the technique that has become the standard for pollicization [3] . He reported 100 congenital pollicizations with seven complications, including one patient with postoperative thrombosis of the metacarpal artery due to anomalous absence of the palmar arteries, and six patients who required further skin grafts. Buck-Gramcko's worst results occurred in patients with radial club hand due to associated anatomic anomalies such as stiffness of the radial digits, but he still reported that pollicization improved the function of the hand. Buck-Gramcko [4] stated that pollicization should result in consistently good outcomes and divided potential complications into five categories: incorrect indications, improper skin incisions, injury to neurovascular structures, skeletal malalignment, and skin problems. The hand surgeon can prevent most of these complications, but others, such as excessive periosteal ossification, cannot be prevented. Several studies have reported the functional results of index finger pollicization [1, 2, 5-7, 10-12, 16, 21, 22] , but there are few reports in the literature concerning complications.
Goldfarb et al. [8] reported eight complications in 73 pollicizations (10.9%), the most common being marginal necrosis. These eight complications required 12 further surgical interventions, including amputation of a nonviable pollicized digit. Other complications included infection and venous congestion, but the most common long-term complication was scar contracture. Functional deficits requiring Whereas mention has been made in the literature concerning pollicizations that are too long, there have been no previous reports of a pollicization being too short and, therefore, non-functional. Distraction lengthening is a wellpublicized treatment for short digits, originally described by Matev [13] in order to increase the length of traumatically amputated thumbs, and further studies have shown successful results in other bones of the hand [9, 14, 15, 17, 18, 20] . In this patient, distraction lengthening was performed between the remnants of the proximal phalanx of the pollicized index finger, now the new thumb metacarpal. In cases where an osteotomy or corticotomy is made, secondary bone grafting is not always necessary but was required in this patient because the distraction was performed between two remnants of a bone and not through an osteotomy.
This case represents the successful salvage reconstruction of a failed pollicization in a child with complete thumb aplasia, using staged distraction lengthening and interpositional bone grafting. The child obtained an excellent result both functionally and cosmetically. To our knowledge, resorption of the proximal phalanx of a pollicized index finger has not been previously reported in the literature, and similarly, salvage of the "too short" pollicization has not been described. Resorption of the proximal phalanx could result from a postoperative infection or may be due to ischemia of the bone either due to injury to the common digital artery to the index-middle finger web space or due to exclusion of the vascular pedicle from the more proximal segment of the proximal phalanx. Another possible reason to explain the "too short" pollicization would be iatrogenic-the surgeon inadvertently resecting bone from the proximal phalanx of the index finger rather than from the metacarpal.
Whatever the reason, a pollicized index finger needs to have a length just short of the PIP joint crease of the middle finger, similar to the level of a normal thumb being just below the PIP joint of the index finger. Salvage of a pollicization that is "too short" has never been addressed in the literature, but techniques to correct this situation need to be considered, because a pollicization that is too short cannot be used for tip-to-tip pinch and cannot be used for grasping large objects. The three options for salvage reconstruction of a pollicization that is too short are either: (1) amputate the pollicized index finger and perform an immediate second toe transfer (incorporating the length of the second metatarsal compared with a great toe transfer);
(2) two-stage distraction lengthening followed by iliac crest bone grafting; and (3) microsurgical transfer of a metatarsophalangeal joint similar to the technique suggested by Shibata et al. [19] as an alternative reconstruction of Blauth IIIB hypoplastic thumbs, in which either the toe metatarsal or proximal phalanx would provide an immediate one-stage lengthening of the deficient index finger proximal phalanx (thumb metacarpal). Since this child had excellent flexion and extension at the interphalangeal joint and normal sensation, distraction lengthening and secondary bone grafting was the most expeditious option, providing an increase in length similar to the contralateral normal thumb metacarpal and restoring tip-to-tip pinch and grasp function.
